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ABSTRACT 
 
 
 
Hirundo Wildlife Refuge partnered with the University of Maine Construction 
Engineering Technology Department to construct the Trail of the Senses, a three-phase 
universally accessible outdoor trail system totaling a little over half a mile.  The ultimate 
goal of Trail of the Senses is to maximize accessibility to nature while minimizing the 
negative effect on the environment, in order to provide better connections and 
experiences for all.  This thesis focuses on the second phase, the Lac d’Or Trail.  This 
trail is a quarter mile long and travels across a berm, through a forest, and culminates in 
an observation deck of the lake.  The trail and observation deck are in accordance with 
the Forest Service Trail Accessibility Guidelines, and the Forest Service Outdoor 
Recreation Accessibility Guidelines, which are similar to the Americans with Disabilities 
Act regulations.  Besides the physical design and construction of the project, a major 
focus was the importance of exposing students to community involvement prior to 
graduation.  This project allowed for students to use their specialized skillset learned 
through classes and apply it to a project that positively influenced the lives of others. 
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INTRODUCTION 
 
 
 
Hirundo Wildlife Refuge (HWR) is a 2400-acre nature preserve located in Alton, 
ME, roughly 10 miles from the University of Maine campus. In 2016 a partnership was 
developed between Hirundo and the University of Maine Construction Engineering 
Technology (CET) Department, which allowed for Hirundo’s idea of Trail of the Senses 
to begin to turn from ideas on paper into a constructible reality. Trail of the Senses is a 
universally accessible three-part trail system totaling a little over half a mile. The purpose 
of the trail is to maximize accessibility to nature while minimizing the negative effect on 
the environment, in order to provide better connections and experiences with nature for 
all abilities and ages. The following document highlights the history and necessity of 
accessible trails, and the design and construction of the second phase of Trail of the 
Senses, the Lac d’Or Trail, constructed in the Fall of 2017. 
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PROJECT BACKGROUND 
 
 
 
Hirundo Wildlife Refuge’s Trail of the Senses, a universally accessible trail, is 
designed to be compliant with articles similar to those within Americans with Disabilities 
Act (ADA). ADA governs buildings and related features, whereas the United States 
Forest Service governs outdoor trails. Specifically, Trail of the Senses is designed to meet 
requirements within the Forest Service Outdoor Recreation Accessibility Guidelines 
(FSORAG) and the Forest Service Trail Accessibility Guidelines (FSTAG). 
The trail systems that were used for Trail of the Senses were mostly carved out of 
existing non-accessible standard outdoor trails. The original Hirundo Wildlife Refuge 
trail map can be seen in Figure 1.  
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Figure 1: Hirundo Wildlife Refuge Trail Map (HWR, 2018) 
 
The first phase of Trail of the Senses, the Loop Trail, is a newly constructed 0.15-
mile trail directly off the parking lot. The second phase, the Lac d'Or Trail, was a 
combination of some parts of the Pushaw Trail and Pond Trail as well as new 
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construction, totaling for a trail length of 0.24 miles. The third phase, the Riffle Trail, is 
to be constructed in the future, and is currently named the Wabanaki Trail. Once 
constructed, the Riffle Trail will be 0.16 miles long. The now newly constructed Trail of 
the Senses map can be seen in Figure 2. The two phases currently constructed, and the 
planned third phase, all branch directly off a central parking lot allowing for easy 
accessibility. 
 
Figure 2: Hirundo Wildlife Refuge Trail of the Senses Map (HWR, 2018) 
 
University of Maine CET students have the opportunity to use the partnership 
with Hirundo as their senior capstone project, a graduation requirement. In the Fall of 
2017, about 25 CET students constructed the Lac d’Or Trail. My role was to act as 
student project manager for the duration of the Lac d’Or Trail construction. This role 
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included aspects of engineering, safety, and peer communication. My job duties involved 
designing the Lac d’Or Trail and its observation deck to meet the FSORAG and FSTAG 
requirements, and to ensure what was constructed met these guidelines. Greater detail on 
the positive outcome of student involvement can be found in the Project Discussion 
section. 
 
History of Hirundo Wildlife Refuge 
Hirundo Wildlife Refuge was founded in 1965. It originally was a 3-acre family 
camp and has expanded through the years into a nonprofit nature preserve, totaling 2460 
acres with 7 miles of trail systems. In 1983, Oliver Larouche, the founder, and his wife 
June, named the University of Maine as the deed owner of the Hirundo land. Oliver and 
June have generously funded environmental research at Hirundo, which has transformed 
the nature preserve “into a living laboratory for the University” (HWR, 2018). The 
Larouche family is still involved at Hirundo and works with the Hirundo Board of 
Trustees to ensure the acceptance of “nature on its own terms” (HWR, 2018). Hirundo is 
free to visitors, and provides free community events such as moonlight hikes and family 
friendly nature days. In 2016, Hirundo Wildlife Refuge’s founders, the Larouche Family, 
received the Natural Resource Council of Maine 2016 People’s Choice Award. The 
partnership between Hirundo Wildlife Refuge, the Larouche family, and the surrounding 
community has only grown positively since its establishment. (HWR, 2018) 
 
History of Accessibility Equality 
Although equal accessibility for all might seem common sense today, it wasn’t 
until only fifty years ago that any form of accessibility guidelines were put in place for 
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buildings, and not until six years ago for outdoor trail systems. Beginning in 1969, the 
Architectural Barriers Act issued the first accessibility guidelines, but these were only 
required to be followed by federal agencies. Not until 1991 with the Americans with 
Disabilities Act (ADA) were there accessibility guidelines for any building that was used 
by the public, both governmentally and privately owned. Updates and improvements on 
accessibility guidelines continued to be made throughout the years and continue today. 
(USDA, 2012) 
Although building accessibility was regulated consistently since the 1990s, the 
regulation of outdoor accessibility did not appear until 2006. Regulations for trails first 
began similar to buildings, with only federally funded trails required to follow the new 
regulations under the Outdoor Developed Areas Accessibility Guidelines (ODAAG). 
However, there were updates made to the ODAAG in 2012. These updates included the 
Forest Service Outdoor Recreation Accessibility Guidelines (FSORAG) and the Forest 
Service Trail Accessibility Guidelines (FSTAG). Although these might sound like the 
same entity, the FSORAG covers new or renovated outdoor facilities having to do with 
trails. For instance, outdoor showers or restrooms, benches, and picnic tables are some 
areas covered under FSORAG. In comparison, the FSTAG covers the physical trail itself. 
Figure 3 shows the in-depth distinctions between the Architectural Barriers Act 
Accessibility Standards (ABAAS), FSORAG, and FSTAG. (USDA, 2012) 
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Figure 3: Distinctions between ABAAS, FSORAG, and FSTAG (USDA, 2012) 
 
Necessity of Accessible Trails 
Even though 1 in 5 people have some form of disability, the idea of universally 
accessible trails is still relatively new and upcoming (USDA, 2012). Some of the more 
well-known trail systems such as the Appalachian Trail, are also currently constructing 
accessible trails (Demrow, 2007). As Benton MacKaye, the planning guide for the 
Appalachian Trail states, “the path of the Trailway should be as ‘pathless’ as possible; it 
should be the minimum consistent with practical accessibility” (Demrow, 2007). The 
intention of creating accessible trails is not to pave over nature; instead, constructing 
universally accessible trails means finding the balance, something that Hirundo has 
upheld with its Trail of the Senses. 
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Why is it called Trail of the Senses? 
Besides being universally accessible, another major component of the new 
Hirundo trail was to uphold its name: Trail of the Senses. The trail is meant to be open 
and appeal to everyone, and is geared towards allowing every person to be able to 
experience nature any way that they can. In order to appeal to these senses, information 
boards called “sensory boards” will be placed throughout sections of each phase of the 
trail. These sensory boards are geared to educate the visitors on nature aspects that appear 
along the trail, while appealing to each sense. While boards are not complete for the 
second phase, the first phase is finished. Figure 4 through Figure 7 show examples of 
sensory boards along the Loop Trail. Each board depicts the relationship between senses 
and nature. The senses focused on are vision, sound, scent, and touch.  
 
 
Figure 4: Loop Trail vision-focused sensory board 
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Figure 5: Loop Trail sound-focused sensory board 
 
 
Figure 6: Loop Trail scent-focused sensory board 
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Figure 7: Loop Trail touch-focused sensory board 
 
Birdhouses with plexiglass siding were originally located along the old trails, and 
now remain on the Trail of the Senses. Although not specifically sensory boards, these do 
add to the visual education aspect, while widening the connection visitors can experience 
with nature. Such a birdhouse can be seen in Figure 8. 
 
Figure 8: Tree swallow nesting box 
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Located along one side of each accessible trail is a guiding rope, supported by 
wooden posts along the entire length of the trail. This guiding rope has a few purposes, 
one of which is to aid visitors with visual impairments. The rope also allows for others to 
close their eyes and focus on how nature affects their other senses, as discussed in the 
sensory board in Figure 9.  
 
 
Figure 9: Loop Trail sensory board depicting use of guiding rope 
 
Currently, the Loop Trail’s posts and rope are complete, and the Lac d'Or Trail 
has posts in place. There are also wooden blocks on the ropes placed at areas 
corresponding with locations of sensory boards. The blocks indicate that a sensory board 
is directly across the path. Figure 10 shows a section of the Loop Trail’s completed posts 
and rope. 
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Figure 10: Loop Trail guiding rope, stopping block, and sensory board 
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TRAIL OF THE SENSES PHASE II: THE LAC D’OR TRAIL 
 
 
 
The following sections detail the design and construction of the Lac d’Or Trail, 
and all necessary components to complete the project. Such components included 
permitting, safety courses, mobilization of materials and equipment, and proper designs 
to conform both FSORAG and FSTAG guidelines. 
 
Permitting 
The Lac d'Or Trail was the second part of Trail of the Senses to be constructed. 
Permitting and funding work occurred throughout 2016 and 2017, with construction 
beginning and ending in the Fall of 2017. The trail consists of three separate sections: a 
grassy berm, a forest trail, and the newly constructed observation deck. In total, the trail 
is approximately a quarter mile long. Figure 11 depicts an aerial view of the full Lac d'Or 
Trail. 
 
Figure 11: Aerial rendering of the Lac d’Or Trail (Google Earth, 2018) 
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Prior to groundbreaking, multiple permits had to be obtained at both the local and 
federal levels of government. In addition, three site visits had to occur before 
construction. These site visits confirmed the status of the area’s wetlands, endangered 
species, and archeological significance. Overall, there were no environmental 
constrictions that affected the original plans or construction, as the only major issue was 
bats. Maine bats tend to hibernate during the late fall and winter months, then birth and 
nurse in the early summer months (Link, 2004). Due to this, our construction schedule 
did not inhibit the natural movements of the bats. 
Below is the full list of permitting entities involved: 
● Maine Department of Inland Fisheries and Wildlife 
● Maine Historic Preservation Commission 
● Alton, ME Code Enforcement Officer 
● Maine Department of Agriculture, Conservation and Forestry 
● Maine Department of Environmental Protection 
Full reports of the site surveys and permits are attached in Appendix A. 
 
Preconstruction and Construction Safety 
As with any professional construction site, safety on the trail site was paramount. 
At this point in our classwork, every student who worked on site had taken and passed a 
Construction Safety course within the CET department. Part of this course included 
receiving a certification from the Occupational Safety and Health Administration 
(OSHA). Each student was therefore familiar with basic safety procedures and 
regulations. 
 15 
Prior to the start of construction, each student team at Hirundo led a toolbox 
safety talk. Toolbox talks, which might go by other similar names, are an industry 
standard that occur at the beginning of every shift to highlight some of that day’s work, 
the hazards expected, and how to mitigate and manage those hazards. Since construction 
was all hands-on deck, and students arrived at various times throughout the day, having 
one meeting with everyone on site in the morning wasn’t possible. Therefore, toolbox 
talks occurred in the classroom throughout the beginning stages of construction on days 
where crews did not work on site. Examples of topics covered included heavy equipment 
usage, standard hand signals when communicating with an operator, safe manual lifting 
methods, and proper chainsaw handling. 
Equipment we used on the trail, although mini versions of what is used on full 
size construction sites, still posed the same safety issues as those of their larger 
counterparts. Although some students had experience operating equipment, the first few 
days on site consisted of an employee from Sargent, a local construction company who 
donated the equipment, training the students on best safety practices for operating the 
different types of equipment. 
For everyone, no matter if they were operating equipment or not, it was 
mandatory to wear hi-vis safety vests, steel toed boots, a hard hat, and safety glasses. 
Earplugs were also available for those operating power tools or in the vicinity. Although 
equipment sometimes broke down, there were no injuries or accidents to report from the 
site. 
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Construction Methods 
In order to best tackle the project, the CET students were placed on six teams with 
around 4-5 students, each covering a different section of the trail. The teams focused on 
the following sections: 
1. Temporary bridge, berm clearing and rough grading 
2. Forest clearing and rough grading/fill 
3. Surface layer (compacted crushed gravel) 
4. Drainage and environmental aspects 
5. Finish grade 
6. Observation deck  
Since the only method of crossing the stream from the parking area to the Lac 
d'Or Trail was the pedestrian sized Debbie & Fred Bryant bridge, an alternate method 
was necessary to move equipment and materials across. To solve this, the very first step 
of construction was to lay down a temporary wooden skidder bridge next to the existing 
pedestrian bridge to allow access for equipment and materials. Skidder bridges are meant 
to be methods of transportation for small logging equipment. The temporary skidder 
bridge, as seen in Figure 12, was donated by Sargent for the duration of the project.  
 
Figure 12: Temporary skidder bridge 
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Once this was completed, each CET team began work on their appropriate section. Some 
teams were not able to start until other work had completed, so members who were not 
working on their specific project joined other teams who were. 
As spoken about in safety, the trail required equipment to construct. Figure 13 and 
Figure 14 show examples of the type of equipment used on site. Heavy construction 
equipment utilized during construction were: 
● Compact excavator - Doosan DX62R-3 
● Compact track loaders - Bobcat T750 and Volvo MCT85C 
● Single drum vibratory roller - Dynapac CA144 
 
 
Figure 13: Doosan mini excavator and Bobcat skid steer on site 
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Figure 14: Dynapac roller (Fayat Group, 2018) 
 
Other equipment used was a Hirundo owned tractor, chainsaw to cut down trees, and 
equipment for the construction of the deck. The deck required portable versions of a chop 
saw, circular saw, hand saws, drills, and levelers.  
 The use of the equipment was donated by Central Equipment, Chadwick Baross, 
Peter Thornton and Sargent Corporation. Sargent provided smaller equipment like pumps 
and plate compactors. Equipment transportation and mechanic support were also 
provided by Sargent. The smaller power tools were provided by the CET department or 
the students themselves. Material that was fully donated included the concrete piers for 
the deck from American Concrete Industries. Discounted prices were obtained for the 
crushed gravel and fill, and all materials for the deck. A full list of materials and 
equipment specifications is attached in Appendix B. 
 Multiple funding sources were used, one of which was the Fields Pond 
Foundation.  The Fields Pond Foundation’s primary mission is to “provide financial 
assistance to nature and land conservation organizations that are community-based and 
that serve to increase environmental awareness by involving local residents in 
conservation issues” (FPF, n.d.). A full list of funding sources is attached in Appendix B. 
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Lac d’Or Trail Conformance to Forest Service Trail Accessibility Guidelines (FSTAG) 
For the Lac d'Or section of Trail of the Senses, the berm and forest sections of the 
trail are covered under the FSTAG, and the observation deck built at the end of the trail is 
covered under the FSORAG. The main difference is that an outdoor recreation access 
route is not the same as a trail. As the USDA Accessibility Guidebook for Outdoor 
Recreation and Trails (2012) states, “an outdoor recreation access route is a continuous, 
unobstructed path designated for pedestrian use that connects pedestrian elements within 
a recreation site…”, whereas “a trail…is designated for recreational pedestrian use” (p. 
81). 
Both the FSTAG and the FSORAG provide comprehensive guides to use in 
constructing trails to appropriate standards. These standards include such issues as 
surface material, trail width, trail incline, and resting points. 
For the trail surface, the USDA Accessibility Guidebook for Outdoor Recreation 
Trails (2012), recommends using the following construction materials and methods for 
achieving a firm and stable trail surface: 
● Crushed rock (rather than uncrushed gravel) 
● Rock with broken faces (rather than rounded rocks) 
● A rock mixture containing a full spectrum of sieve sizes, including fine 
material (rather than a single size) 
● Hard rock (rather than soft rock that breaks down easily) 
● Rock that passes through a ½-inch (13-millimeter) screen (rather than 
larger rocks) 
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● Rock material that has been compacted into 3- to 4-inch (75- to 100-
millimeter) -thick layers (rather than thicker layers) 
● Material that is moist (not soggy) before it is compacted (rather than 
material that is compacted when it is dry) 
● Material that is compacted with a vibrating plate compactor, roller, or 
by hand tamping (rather than material that is laid loose and compacted 
by use) (p. 37) 
The material we used for the surface layer of the trail was ½” minus crushed 
gravel, compacted into a 4” surface layer. The surface layer was moistened with pond 
water prior to being mechanically compacted with a roller. In total, all of the above 
recommendations were followed in the construction of Trail of the Senses. Figure 15 
depicts a section of the compacted surface material of the trail with a tape measure to 
show the multiple sizes of the crushed gravel. As seen in the photo, the maximum 
diameter of a rock is approximately a ½”. 
 
 
Figure 15: Crushed gravel surface layer 
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Before the surface layer was put down geotextile fabric was laid across the trail 
on top of the foundation soil, which consisted of a clean soil fill. The purpose of this 
fabric is to provide separation between the noncompacted soil underneath and the 4” 
compacted surface layer. In order to prevent greater migration between the two, a 1 ½” 
minus well graded gravel layer was placed on top of the geotextile fabric prior to the final 
surface layer. The gravel was moistened prior to compaction using a water spray pump 
and portable generator. The surface layer was then mechanically compacted using a 
bucket and roller. 
The worst-case scenario that accessible trails are designed for are the wheels of a 
wheelchair. To counteract adverse effects to the surface layer, the FSTAG requires the 
surface layer to be firm and stable. A firm surface is defined as one that “resists 
deformation by indentation” (USDA, 2012, p. 36); a stable surface is one that “is not 
permanently affected by expected weather conditions and can sustain normal wear and 
tear from the expected use(s) of the area between planned maintenance cycles” (USDA, 
2012, p. 36).  
In order to easily visualize these descriptions of firm and stable, two scenarios are 
presented, that, if passed, indicates the surface would most likely be proven effective: 
 Could a person ride a narrow-tired bicycle across the surface easily without 
making imprints? (Bicycle tires are similar to the large rear wheels of a 
wheelchair.) 
 
Could a folding stroller with small, narrow plastic wheels containing a 3-year-old 
be pushed easily across the surface without making imprints? (A stroller’s wheels 
are similar to the front wheels of a wheelchair.) (USDA, 2012, p. 37) 
 
During construction, the trail was compacted enough to sustain heavy construction 
equipment traveling over it, such as an excavator, roller, tractor, and truck. As for the 
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elements, the surface layer remained intact even through an unexpected wind storm 
producing gusts of near 70 mph (Trotter, 2017). 
An example of an FSTAG accepted accessible trail that conforms with the proper 
surface material can be seen below in Figure 16. 
 
Figure 16: Example of an FSTAG accepted trail surface (USDA, 2012) 
 
The minimum width of an accessible trail is 36 inches, as seen in Figure 17. This 
width allows a comfortable passage for a person using a wheelchair. However, if only 36 
inches were given, there must be passing points for people wanting to travel opposite 
directions on the trail, as seen in Figure 18. The passing points allow for pedestrians to 
turn off the main trail and wait for others to pass by in the opposite direction before 
continuing on. These passing points also allow for visitors traveling at slower speeds to 
stop and allow those traveling faster to continue. 
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Figure 17: FSTAG required trail width (USDA, 2012) 
 
 
Figure 18: FSTAG required resting and passing points (USDA, 2012) 
 
In the case with the Lac d'Or Trail, the existent area was wide enough to construct 
a 6 ft width, in order to accommodate two flows of pedestrian traffic. With a 6ft wide 
trail, two wheelchairs would be able to pass each other comfortably with an appropriate 
amount of space. The only aspect of the trail that does not conform to the 6 ft width is the 
Debbie & Fred Bryant Bridge, which connects the Lac d’Or Trail to the parking area. 
This bridge was constructed in 2014, and is approximately 5ft wide and 25ft long. The 
Debbie & Fred Bryant Bridge can be viewed in Figure 19 and Figure 20.  
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Figure 19: Debbie & Fred Bryant Bridge 
 
 
 
Figure 20: Debbie & Fred Bryant Bridge span 
 
Another major requirement within the FSTAG are slope requirements. Figure 21 
shows what the FSTAG allowable slopes are for different trail distances. Depending on 
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the distance traveled there are different maximum slopes allowed. A shorter distance 
allows a greater slope than that of a longer travel distance.  
 
Figure 21: FSTAG allowable slopes (USDA, 2012) 
 
Berm Construction 
The section of the Pushaw Trail that is now the beginning of the Lac d'Or Trail 
was originally a grassy berm with a relatively flat trail across the berm. Figure 22 below 
depicts the berm as it was prior to construction. 
 
Figure 22: Berm prior to construction, as part of the Pushaw Trail 
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The first step of the berm construction was to grub about 4” off the surface. 
Grubbing began at the far end of the berm and moved towards the bridge, so as not to 
block the trail entrance from the beginning. The material that was recovered from the 
grubbing was then used in the forest section as fill. Figure 23 and Figure 24 show photos 
of the berm at different stages of construction.  
Figure 23: Berm fill prior to compaction 
 
 
Figure 24: Berm final surface layer construction 
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Overall, the berm was the easiest portion of the trail to construct. There were no 
difficulties with slope or grading, and the trail was relatively straight. Figure 25 and 
Figure 26 show the completed portion of the berm. 
 
Figure 25: Berm after construction in Fall 2017 
 
 
 
Figure 26: Berm in Spring 2018 
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Forest Construction 
The section of the Pond Trail that is now the middle portion of the Lac d'Or Trail 
was originally a typical forest terrain. The trail was uneven, and had large depressions as 
well as large rocks throughout. Figure 27 and Figure 28 below show the original uneven 
conditions of the forest section. 
 
 
Figure 27: Forest section prior to construction, large rock in foreground 
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Figure 28: Forest section prior to construction, large depression in background 
 
 
The first step of construction for the forest section was to clear the trail of large 
rocks and fallen branches. Rocks were mechanically removed and first placed in large 
depressions to fill holes. Rocks that were not used as fill were placed along the edges of 
the trail in natural looking formations. Depressions were filled with either existing soil or 
fill, and then roughly graded with a base gravel. The surface layer is the same as the berm 
section. Figure 29 shows the trail during construction with the rough grading of the soil. 
Figure 30 shows a completed section of the forest trail. 
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Figure 29: Forest section during construction 
 
 
Figure 30: Completed section of forest 
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The only major slope throughout the trail, is the transition between the berm and 
the forest sections. The slope is 1:12.5, or 8%. During construction excess fill, as seen in 
Figure 31, was added to the transition from the berm to the forest to lessen the slope. 
 
Figure 31: Fill added to slope between berm and forest 
 
 
Figure 32 and  
Figure 33 show the slope in question being measured. As seen above in Figure 21, the 
slope is within the requirements of the FSTAG. There is a gentle downwards grade 
throughout the rest of the forest trail section, but nothing greater than 5%. 
 32 
 
Figure 32: View of slope from berm up to forest 
 
 
Figure 33: View of slope from forest down to berm 
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The one difficult area of construction within the forest section was the transition 
between the end of the forest and the section where the deck was constructed. Initially, 
there was a makeshift timber crossing over an area that was prone to ponding, as seen in 
Figure 34. 
 
Figure 34: Old timber crossing through forest section 
 
Constructing a similar accessible crossing, such as a raised platform, would have 
incurred additional costs and time, and was deemed unnecessary. Instead, additional fill 
was placed in the area to raise the trail above where the initial timber structure was 
located. Figure 35 shows the process during construction, and Figure 36 shows the 
completed section of the trail. 
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Figure 35: Fill during construction in area of old timber crossing 
 
 
Figure 36: Completed trail through old timber crossing 
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Lac d’Or Trail Observation Deck Conformance to the Forest Service Outdoor Recreation 
Accessibility Guidelines (FSORAG) 
The observation deck at the end of the Lac d'Or Trail overlooks the body of water. 
This deck is categorized as a viewing area under the FSORAG. There are slightly more 
stringent guidelines for the FSORAG than the FSTAG, which regulated the rest of the 
trail. Multiple regulations had to be met for the observation deck, including such items as 
ramp access height, turnaround points, and deck slats. 
The FSORAG states a few qualifications that an observation deck must meet. An 
example of an FSORAG accepted observation deck can be seen in Figure 39. 
Specific parameters include:  
● Openings between floor deck boards must be less than 0.5” 
● Handrails must be located between 34-38” above the walking surface 
● Toe openings between the deck surface and the first toe board must be 4” 
maximum 
● Ramp access to the observation deck must conform with the Outdoor 
Recreation Access Route (ORAR) slope and distance requirements as seen 
in Figure 37 
● The deck must have a 60” minimum turning diameter as seen in Figure 38 
(USDA, 2012) 
 
Figure 37: ORAR allowable slopes (USDA, 2012) 
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Figure 38: Minimum turning radius for observation points (USDA, 2012) 
 
 
 
 
Figure 39: Example of an FSORAG acceptable observation deck (USDA, 2012) 
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Deck Construction 
Prior to construction of the observation deck, the area was covered in vegetation. 
Figure 40 shows what the area was prior to construction. 
 
Figure 40: Area for observation deck prior to construction 
 
The shape of the deck was designed to optimize the viewing points of the 
surrounding area. The general shape of the deck remained the same through the design 
process, but the means of entering and exiting went through a few changes. The final 
design, as seen in a rendering of the deck in Figure 41, includes a ramp wide enough for 
two directions of travel and an extension of the deck surface to allow for a required 
turning point. 
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Figure 41: Aerial view of observation deck rendering 
 
In designing the deck, I consulted with a Civil Engineering professor at the 
University of Maine, who is also a Professional Engineer. She aided me in determining 
proper placements of the concrete support pillars, and determining a viable load for the 
deck (X. Rofes, personal communication, September 27, 2017). 
The deck is designed to hold 150 psf. Since the deck is fully accessible, there 
could potentially be extra loads for people who require the use of wheelchairs and other 
accessibility options. The deck is also constructed in an environment with heavy 
snowfall, and the potential for trees to fall. Due to this, the deck is designed to hold a 
heavier load than most typical decks. The deck is constructed of southern pine pressure 
treated lumber, grade number 1.  Grade 1 provides the greatest all-around benefits, 
including the highest strength, stiffness, and appearance factor (SFPA, 2018).  All posts, 
except the entrance to the ramp, are a fixed design.  The posts at the end of the ramp, 
where the trail meets the structure as seen in Figure 49, were designed as hinge points so 
that they move with the ground. This ensures minimal spacing between the wood and the 
surface gravel. 
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The first step in constructing the deck was to clear the area of brush and trees. 
Some trees were cut down, but Hirundo requested to keep the tree that the deck is built 
around. A 12 in cover around the current trunk was requested to be kept due to potential 
growth. After the area was cleared, the positions of the concrete pillars were marked. An 
auger attachment on the skid steer was used to dig the holes for the pillars, as seen in 
Figure 42. 
 
Figure 42: Bobcat skid steer with auger attachment 
 
The deck is constructed of pressure treated lumber, in order to best withstand the 
outdoor elements. The ramp has a slope of approximately 5% and is 6’ wide. In order to 
achieve proper compliance with ORAR slope requirements, the surface of the deck ramp 
ends at approximately 1’ from the ground surface. Final grading from the trail then 
gradually meets the end of the ramp. Handrails are located along the entire deck and ramp 
at 36” above the deck surface. Toe boards are flush with the deck and ramp surfaces and 
are 4” high. Spacing between the deck and ramp boards is 0.25”. The deck provides a 
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90”x90” turnaround point. Figure 43 through Figure 51 show the phases of construction 
and final completion of the observation deck. 
 
Figure 43: Concrete piers for deck support 
 
 
Figure 44: Framing of deck 
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Figure 45: Completed deck surface 
 
 
Figure 46: Framing of deck addition 
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Figure 47: Location determined for deck ramp 
 
 
Figure 48: Deck ramp construction 
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Figure 49: Grading of trail to meet end of deck ramp 
 
 
 
Figure 50: Final observation deck 
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Figure 51: Transition between trail and observation deck 
 
 
A full rendering of the deck with complete measurements as well as design calculations 
are attached in Appendix C. 
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PROJECT DISCUSSION 
 
 
 
The following sections highlight some additional aspects of the construction and 
community involvement within the Trail of the Senses. These include setbacks tackled 
during construction of the Lac d’Or Trail, the practicability of accessible trails, future 
plans for the Trail of the Senses, and the importance of student involvement on 
community centered projects.  
 
Construction Setbacks 
The basic goal of construction when the Lac d'Or Trail portion began was to have 
everything completed and demobilized by the time the first snowfall came. Due to the 
unseasonal warmness that occurred during the Fall of 2017, completing the project before 
snowfall was not an issue. However, some unexpected weather did still incur minor 
setbacks. At the time within the schedule where compaction of the top layer was 
supposed to occur, it had not rained for a bit, so the material was too dry to achieve 
proper compaction. To add moisture to the material, students used a portable generator 
and spray pump filled with water from the lake to wet the material before mechanically 
compacting. The generator and pump were towed on a small wagon trailer by a tractor. 
Another unexpected weather incident was the windstorm that occurred the end of 
October, with wind gusts over 70 mph (Trotter, 2017). According to the Bangor Daily 
News, approximately 77% of residences in Penobscot County lost power and there were 
many road closures due to falling trees (Abbate, 2017). Although construction was halted 
for a few days, overall Trail of the Senses fared well within the storm. Trees had to be 
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cleared along the vehicular access paths, but the trails themselves only had to be cleared 
of minor debris. 
 
Practicability of Accessible Trails 
The idea of universally accessible trails is still up and coming throughout society. 
Although actions and awareness toward achieving greater accessibility are necessary, the 
practicability of such cannot be overlooked. Even with all the components of modern 
technology, overcoming every natural obstacle is unrealistic. As the USDA FSTAG 
(2012) states, cost should never be a factor in determining the feasibility of an accessible 
trail. Instead, safety for the workers, visitors, and environment are paramount. 
Overall, the most important criteria in determining the practicability of an 
accessible trail is the location. An accessible trail in the middle of an inaccessible area 
defeats the purpose. Since the prime motive of these trails is universal accessibility, 
visitors will likely be in all forms of health. To mitigate any potential situations that may 
arise, the accessibility of emergency services should be taken into account when choosing 
a location. 
In the case of Trail of the Senses, an ideal location was chosen for universal 
accessibility. The access road to the parking lot for the Trail is directly off the main road, 
and leads to a parking lot with handicapped accessible parking. The access road also 
extends to meet both entrance points of the Loop Trail, and the entrance and exit point of 
the Lac d’Or Trail, which is ideal in the situation of emergency response. To minimize 
travel distances, visitors can also be dropped off and picked up right at the entrance of 
each accessible trail. The physical layout of the trails 
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The easiest method of achieving trail accessibility is to realize what the 
limitations of the area are before beginning a thorough trail plan. Are the slope 
requirements realistic?  Will the mobilization of construction equipment and materials be 
feasible?  An example provided by the USDA FSTAG (2012), depicted in Figure 52 and 
Figure 53, show a natural feature that would be unable, and therefore exempt, from 
becoming an accessible trail.  
 
Figure 52: Steep standard trail (USDA, 2012)  
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Figure 53: Necessary 5-percent grade trail for steep hill (USDA, 2012) 
 
Although the trail above might look feasible on paper, the safety of the 
construction workers, the surrounding environment, and the visitors still need to be taken 
into consideration. The safety of the entities involved are held to a higher importance 
than that of the ability to have an accessible trail; therefore, at times, a trail in a specific 
area will not be possible. For instance, even if slope requirements could be met with a 
winding trail, the safety of the workers during construction is still in question. The 
machines used during trail construction, even though they are smaller than those used in 
normal sized operations, still generally take up a greater space than a typical trail terrain 
has to offer. Constructing in steep conditions without means of installing a protective 
barrier can lead to extremely dangerous scenarios, and puts the construction workers at 
risk. 
Besides the constructability of the area, the environmental impact of the 
construction must also be taken into consideration. All areas that undergo construction 
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will have a temporary disturbance to the environment. However, it is the ultimate 
disturbance that must judge whether constructing an accessible trail is doable or not. One 
of the more obvious deterrents to construction is protected land. If the proposed area for 
the accessible trail is protected in any way, either towards the vegetation, animals, or 
bodies of water, construction will not be allowed. In addition, areas protected due to 
archeological or cultural elements are not allowed to be altered. (USDA, 2012) An issue 
that is sometimes overlooked in determining a feasible area for trail construction is the 
changes to the natural settlement and drainage patterns. Prior to construction, the 
potential effects of changes in the natural landscape must be considered. The 
recommended surface layers of accessible trails are more compacted and less permeable 
than typical nature trails. Therefore, the increased impermeability will cause greater 
amounts of runoff towards the surrounding permeable area. If the land is not able to 
handle the runoff effectively, ponding is likely to occur. Accessible trails cannot travel 
through standing water. The additional weight of compacted soil and gravel surface has 
the potential to cause unsafe settlement. If these issues cannot be mitigated, then 
construction should not occur within these locations. 
One major limitation that the Trail of the Senses has encountered is the 
inaccessibility during winter. The trail is open all year round, but no mitigative actions 
can be taken during winter to guarantee an accessible trail. Due to the location of the trail, 
snow and ice will be a major factor in causing an inaccessible trail. As the USDA 
FSORAG (2012) states, “leaves and needles, dirt, ice, snow, and other surface debris and 
weather conditions are components of the natural environment that would be difficult, if 
not impossible, to avoid” (p. 48). Although plowing after snowfall is possible, it is not 
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recommended as this will cause greater damage to the crushed gravel surface layer. 
Damage to the surface layer means construction repair will have to take place during the 
warmer months anyway, resulting in trail downtime. It is therefore recommended to make 
sure the visitors recognize the seasonal accessibility limitations. Figure 54 through Figure 
56 show the Lac d'Or trail after a snowstorm. In addition, a seasonal maintenance plan of 
clearing the trail of debris in the fall and spring is recommended so as not to create a 
buildup of impassable material. 
 
Figure 54: Berm section after snowstorm 
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Figure 55: Forest section after snowstorm 
 
 
 
Figure 56: Observation deck after snowstorm 
 
Future Plans for Trail of the Senses 
The plans for the third and final phase of Trail of the Senses are currently 
underway. The third phase, the Riffle Trail, is approximately 0.2 miles long. Additional 
improvements to the road quality, parking lot, and the construction of nearby boat storage 
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will be made in the Fall of 2018 by another class of CET capstone students. Current 
canoe storage, parking lot, and entry road conditions can be seen in Figure 57 through  
Figure 59, respectively. 
 
Figure 57: Current canoe storage 
 
 
 
Figure 58: Current parking lot 
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Figure 59: Current entry road 
 
Importance of Student Involvement 
Besides the physical design and construction of the Lac d'Or Trail, a major focus 
within this project was student involvement. As stated earlier, the purpose of Trail of the 
Senses is to maximize accessibility to nature while minimizing the negative effect on the 
environment, in order to provide better connections and experiences with nature for all 
abilities and ages. This connection to nature extends not only to the visitors, but also to 
all those involved in the design and construction. A major focus for the CET students 
involved, besides the construction, was the importance of exposing graduating students to 
community involvement. For most students, the ability to use their specific skill sets of 
design and construction were applied to summer jobs or internships. The design and 
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construction of the Trail of the Senses, however, allowed for the students to see that their 
work positively directly influenced the lives of others. 
The project allowed students to use their specialized skill set for the betterment of 
their community. Although the trail was constructed by senior CET students, this 
involvement even extended to first-year CET classes where students constructed benches 
to replace the ones that were on the original trails. Figure 60 shows an old bench on a 
trail prior to construction, and Figure 61 shows the CET student constructed benches 
which will be placed throughout the trail system this Fall. 
 
 
Figure 60: Benches on original trails 
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Figure 61: CET student constructed benches 
 
As a senior Civil Engineering major and CET minor, I acted as the student project 
manager for the Lac d'Or Trail. My job duties involved designing the trail and deck to 
meet the FSORAG and FSTAG requirements, and to ensure what was constructed met 
these guidelines. In addition, each morning on site I ran through the plans for the day 
with the CET students present, and received updates as to the progress that was made the 
day before, and any difficulties that arose. These short morning meetings were modeled 
after similar standard practices throughout the industry.  
Although I was acting as project manager, the CET students had more hands-on 
knowledge about specific materials and equipment. This led to a great learning 
experience in which each of us benefited off the other; I learned more about field 
construction practices, and the CET students learned more about the design and 
regulations from different entities. This project also provided great experience to work 
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with peers and professors outside of the classroom. It gave students the opportunity to 
work on real-life projects, while still in an environment that fostered learning. 
Ultimately, my personal goal for the project was for the group to work effectively 
in constructing a safe and usable accessible trail that met necessary guidelines. In meeting 
this goal I was able to obtain other skills that will be useful in any professional working 
environment. Such skills obtained included reading and deciphering technical permits 
and code guidelines, and working on design changes during construction.  Learning to 
work effectively and professionally with peers are undeniably lifelong skills.  
Besides the increased learning that comes with working in the field, the project 
provided a sense of pride for those involved. Working on this project with the CET 
capstone students, I saw the benefit of using a real-life project as the senior capstone 
project. Although technically a 3-credit class, the hours put into the construction of the 
trail went far beyond those required of an equivalent credit class. At the end of the 
project, the students involved have something more than stacks of paper to show for the 
culmination of their college career. The partnership between the University of Maine 
CET Department and Hirundo Wildlife Refuge has only proved to be a positive one, and 
allows for students, soon to be working professionals, to see how their work is needed 
within their own community. 
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Appendix A.1 – Northeast Archaeology Research Center, Inc. Report (2/5) 
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Appendix A.1 – Northeast Archaeology Research Center, Inc. Report (3/5) 
 
 
 
 
 
 64 
Appendix A.1 – Northeast Archaeology Research Center, Inc. Report (4/5) 
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Appendix B.2 – Hammond Lumber invoices (2/3) 
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Appendix B.2 – Hammond Lumber invoices (3/3) 
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Appendix C.1 – Deck calculations (1/2) 
 
 
 
-calculations are for most severe section to be conservative 
 -checked 90”x90” turnaround section 
 
Live/Dead Loads 
-assume 150 psf distributed load 
-due to construction of beams, double area 
-check in bending, shear, and compression 
 
 
Bending 
 𝑓" < 𝐹%𝑏 𝑓" = 𝑀𝑆* = 𝑤𝑙-8𝑏ℎ-6  𝐹%𝑏 = 𝐹"1𝐶3 ∗ 𝐶5 ∗ 𝐶6 ∗ 𝐶789 
 𝑤 = 150	𝑝𝑠𝑓 = 1.042	𝑝𝑠𝑖 𝑙 = 90	𝑖𝑛 𝑏 = 1.5	𝑖𝑛, ℎ = 7.25	𝑖𝑛 
 𝑀 = 52734.375	𝑙𝑏 ∙ 𝑖𝑛 𝑆* = 2(21.33) = 42.67	𝑖𝑛L 𝑓" = 1235.87	𝑝𝑠𝑖 
 𝐹" = 1500	𝑝𝑠𝑖 𝐶3 = 1.15, 𝐶5 = 1, 𝐶6 = 1, 𝐶78 = .85 𝐹%𝑏 = 1466.25	𝑝𝑠𝑖 
 𝑓" = 1235.87	𝑝𝑠𝑖 < 𝐹%𝑏 = 1466.25	𝑝𝑠𝑖 – good 
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Appendix C.1 – Deck calculations (2/2) 
 
 
 
Shear 
 𝑓M < 𝐹%𝑣 𝑓M = O32P O𝑉𝐴P = (32)( 𝑤𝑙2𝐴"STU ) 𝐹%𝑣 = 𝐹M1𝐶3 ∗ 𝐶5 ∗ 𝐶6 ∗ 𝐶7V9 
 𝑤 = 150	𝑝𝑠𝑓 = 1.042	𝑝𝑠𝑖 𝑙 = 90	𝑖𝑛 𝐴"STU = 2 ∗ 1.5 ∗ 7.25 = 21.75	𝑖𝑛- 𝑉 = 2343.75	𝑙𝑏 𝑓M = 161.64	𝑝𝑠𝑖 
 𝐹M = 175	𝑝𝑠𝑖 𝐶3 = 1.15, 𝐶5 = 1, 𝐶6 = 1, 𝐶7V = .97 𝐹%𝑏 = 195.2	𝑝𝑠𝑖 
 𝑓M = 161.64	𝑝𝑠𝑖 < 𝐹%𝑣 = 195.2	𝑝𝑠𝑖 - good 
 
 
Compression 
 𝑓W < 𝐹%𝑐 𝑓W = 𝑃𝐴"STU 𝐹%𝑐 = 𝐹W1𝐶3 ∗ 𝐶5 ∗ 𝐶6 ∗ 𝐶7Z9 
 𝑃 = 𝑤 ∗ 𝐴[3\" 𝑤 = 150	𝑝𝑠𝑓 = 1.042	𝑝𝑠𝑖 𝐴[3\] = 90 ∗ 50 = 4500	𝑖𝑛- 𝑃 = 4687.5	𝑙𝑏 𝐴"STU = 2 ∗ 1.5 ∗ 7.25 = 21.75	𝑖𝑛- 𝑓W = 215.52	𝑝𝑠𝑖 
 𝐹W = 565	𝑝𝑠𝑖 𝐶3 = 1.15, 𝐶5 = 1, 𝐶6 = 1, 𝐶7Z = .8 𝐹%𝑐 = 519.8	𝑝𝑠𝑖 
 𝑓W = 215.52	𝑝𝑠𝑖 < 𝐹%𝑐 = 519.8	𝑝𝑠𝑖 - good 
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Appendix C.2 – Deck rendering with measurements 
 
 
 
 
  
 84 
AUTHOR’S BIOGRAPHY 
 
 
 
Jessica Oriente was born in Charlotte, NC, raised in Jamison, PA, and graduated from 
Villa Joseph Marie High School.  She is a Civil Engineering major with minors in 
Construction Engineering Technology, Mathematics, and Music.  After graduation, 
Jessica will be officially moving to Maine and has accepted a position as a Process 
Engineer at Verso, a pulp and paper mill in Jay, ME. On campus, Jessica is a member of 
the All Maine Women Honor Society, the Society of Women Engineers, the Marching 
Band and Pep Band, and Club Field Hockey. 
